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CAMAS PRAIRIE STUDY MADE TO DETERMINE EFFECTS OF GROUND-WATER PUMPING ON AVAILABILITY OF IRRIGATION WATER
This study was designed to:
(1) Determine present ground-water use, (2) document changes in water levels caused by pumping, and (3) refine estimate of recharge to the artesian aquifer.
The Camas Prairie basin has a rural population whose economy is dependent upon agriculture, which in turn, is dependent upon ground water for irrigation. The major source of irrigation water is an artesian (confined) aquifer that underlies the floor of the basin. Local residents and county and State water administrators are concerned that increased development of the artesian aquifer could cause declines in artesian pressure heads. Declines in the heads would reduce upward vertical recharge to a shallow watertable aquifer that overlies the artesian aquifer. The water-table aquifer, whose water level is generally less than 10 ft below land surface, provides a type of subirrigation for the dry-farmed hay. Any significant reduction in recharge to this aquifer could affect production of nonirrigated crops.
The objectives of this study were to determine the amount of present groundwater use, document changes in ground-water levels caused by pumping, and refine an earlier estimate (Walton, 1962) of annual ground-water recharge to the artesian aquifer, Work accomplished during this 1-year study included an inventory of 287 wells and 1 spring; monthly water-level measurements in 21 wells; and collection of water samples for chemical analyses from 28 wells, 1 spring, and 7 streams. In addition, a pumpage inventory was made of all irrigation wells to determine irrigation withdrawals; seepage studies were made along Camas Creek and several tributaries to determine the relation between surface and ground waters; and monthly flow measurements were made at selected sites on 10 tributaries to Camas Creek to aid in evaluating annual recharge to the artesian system. Data collected as part of this study have been released by the U.S. Geological Survey in a companion report, "Selected Hydrologic Data, Camas Prairie, South-Central Idaho." This study of the water resources of the Camas Prairie basin was made by the U.S. Geological Survey in cooperation with the Idaho Department of Water Resources. .. The well-and springnumbering system used by the U.S. Geological Survey in Idaho indicates the location of wells or springs within the official rectangular subdivision of the public lands, with reference to the Boise base line and meridian. The first two segments of the number designate the township and range. The third segment gives the section number, followed by three letters and a numeral, which indicate the quarter section, the 40-acre tract, the 10-acre tract, and the serial number of the well within the tract, respectively. Quarter sections are lettered A, B, c, and D in counterclockwise order from the northeast quarter of each section (see diagram opposite page). Within the quarter sections, 40-acre and 10-acre tracts are lettered in the same manner. Well 1S-12E-13BAA1 is in the NE~NE~NW~ sec. 13, T. 1 S., R. 12 E., and was the first well 6 inventoried in that tract. Springs are designated by the letter "S" following the last numeral; for example, 1S-17E-34BAB1S.
Each gaging station and partial-record station has been assigned a number in downstream order in accordance with the permanent numbering system used by the U.S. Geological Survey. Numbers are assigned in a downstream direction along the main stream, and stations on tributaries between main-stream stations are numbered in the order in which the tributaries enter the main stream. A similar order is followed on other ranks of tributaries. The complete 8-digit number, such as 13141500, which is used for the station Camas Creek near Blaine, includes the part number "13," indicating that Camas Creek is in the. Snake River basin, plus a 6-digit station number. A flow-duration curve of the mean daily discharges of Camas Creek (opposite page) shows the percentage of time during which specified discharges were equaled or exceeded during a given period. As shown by the curve, a mean daily flow of about 25 ft3/s was equaled or exceeded 50 percent of the time.
The curve showing magnitude and frequency of floods for Camas Creek shows that a peak discharge of about 7,400 ft 3 /s may be expected to be equaled or exceeded once every 10 years; or, stated differently, there is a 10-percent chance that a peak discharge of this magnitude will occur in any given year. 
CAMAS PRAIRIE AQUIFERS ARE RECHARGED BY PERCOLATION LOSSES FROM STREAMS AND BY PRECIPITATION
Mean annual recharge to the artesian system is about 37,000 acre-ft; about 24,000 acre-ft from percolation losses from streams and about 13,000 acre-ft from precipitation on the recharge area.
All water in the basin is derived from precipitation falling within the drainage basin. The ground-water systems are recharged in several ways. The artesian aquifer is recharged by percolation losses from streams crossing the recharge area and precipitation on the recharge area. The recharge area is that part of the valley floor lying between the mountain fronts and the boundary on the valley floor where the potentiometric surface of the artesian aquifer is near or above land surface. The approximate boundary of flowing wells is shown on the map, opposite page. Mean annual recharge to the shallow water-table aquifer, which is primarily by upward vertical percolation from the underlying artesian aquifer, is about 20,000 acre-ft (Walton, 1962) . Recharge also is derived from percolation losses from streams and precipitation on the valley floor.
The amount of water available from percolation losses for recharge to the 13 artesian aquifer is dependent on surface runoff in streams from the surrounding mountains to the valley floor.
To establish a basis of estimating annual surface-water runoff, a series of discharge measurements was made on 10 streams near the points where they begin to lose water to their alluvial fans.
The measurements were made each month from March 1977 to February 1978. Using a method proposed by Riggs (1969) , monthly mean flows for each stream were determined. Mean annual runoff for each stream was then estimated using a method described by Young and others (1977) . The runoff map, shown on the opposite page, was constructed from the mean annual runoff data. Mean annual runoff from the mountains is about 120,000 acre-ft annually. Assuming that streams lose about 20 percent of their flow when crossing the recharge area, the estimated mean annual recharge to the artesian aquifer from percolation losses is 24,000 acre-ft. 
ESTIMATE OF MEAN ANNUAL RUNOFF AND BOUNDARY OF FLOWING WELLS
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Recharge to the artesian aquifer from precipitation falling directly on the recharge area was estimated by using a water budget, where ground-water recharge equals precipitation minus evapotranspiration minus runoff. Mean annual precipitation and evapotranspiration are 17 and 11 in, respectively (Walton, 1962) . Mean annual runoff from the valley floor (shown on the map) is 4 in. Thus, 2 in of water is left to recharge the aquifer. Two inches of water over the recharge area, which covers approximately 120 mi 2 , represents about 13,000 acre-ft. Therefore, total mean annual recharge to the artesian aquifer is about 37,000 acre-ft, which agrees favorably with a previous estimate (Walton, 1962) of 40,000 acre-ft.
- --------------------------------------------------------------------------------------- The general direction of ground-water movement in the Camas Prairie basin can be inferred from the contours on the potentiometric surface shown on the map, opposite page.
Ground-water movement is downgradient and at approximate right angles to the contours.
The general direction of movement is shown by arrows.
Ground water generally moves southeastward from the foot of the Soldier 
GROUND WATER MAINTAINS STREAMFLOW
Ground-water discharge from the basalt aquifer in the eastern part of Camas Prairie maintains streamflow in Camas, Willow, and Camp Creeks. Annual ground-water discharge to these streams is about 7,500 acre-ft.
Ground-water discharge to Camas, Willow, and Camp Creeks in the eastern part of Camas Prairie at the time of a seepage study made May [16] [17] [18] [19] [20] 1977 , during a base-flow period, was slightly more than 10 ft 3 /s. Assuming that ground-water discharge is fairly constant, total ground water discharged annually from the basalt aquifer to streamflow is about 7,500 acre-ft.
A series of discharge measurements, including all inflows and outflows, along Camas Creek and four selected tributaries indicate that, generally, streams in Camas Prairie lose to the valleyfill aquifer and gain from the basalt aquifer. Discharge measurements along Camas Creek between sites 1 and 11 (see opposite page) 20 generally show a small loss to the water-table aquifer in the valley-fill deposits. However, between sites 11 and 14, Camas Creek cuts deeply into basalt and drains the basalt aquifer. Ground-water discharge into Camas Creek between sites 13 and 14 is about 5 ft 3 /s, which is slightly more than 20 percent of the total flow at site 14.
Corral, Soldier, and Deer Creeks lose to the valley-fill aquifer. Willow Creek between sites W-1 and W-2 loses to the valley-fill aquifer. However, between sites W-2 and W-5, Willow Creek, like Camas Creek, cuts deeply into basalt and drains the basalt aquifer. Total ground-water discharge to Willow Creek is about 3 ft 3 /s. 
Station location and number 
GROUND-WATER USE INCREASES
Ground-water withdrawals for irrigation and municipal use totaled nearly 9,500 acre-ft in 1977, compared to 1,350 acre-ft in 1957.
Twenty-nine irrigation wells and two municipal wells were pumped in the Camas Prairie basin in 1977. Irrigation pumpage in 1977 was 9,390 acre-ft, and municipal pumpage was 100 acreft, totaling nearly 9,500 acre-ft.
Ground-water pumpage in 1957 for irrigation and municipal use was 1,350 acre-ft (Walton, 1962) .
Irrigation pumpage was determined by several methods. Eleven wells were equipped with totalizing flow meters, which were read at the beginning and end of the irrigation season. The pumps in two wells were powered by internal combustion engines, and total pumpage was calculated using the measured rate of discharge times the length of time pumped, which was reported by the well owners.
Pumpage was calculated for 16 of the irrigation wells with aid of records obtained from power companies.
For eight of these wells, pumpage was 22 calculated using discharge measurements times number of pumping hours, derived from the power records. For the other eight wells, where discharge measurements could not be made, pumpage was calculated using the formula:
1.8 (Moreland, 1977) . Average power consumed to lift 1 acre-ft of water 1 ft in the area is approximately 1.8 killowatthours. By measuring the pumping level of the well and either measuring or estimating the pressure head at the well, the total lift for each well was determined.
Pumpage was then calculated using total lift and power consumed.
Municipal pumpage for the city of clines were in areas of pumping for irrigation~ The largest declines, more than 30 ft, were observed in the sand and gravel part of the artesian system. Smaller declines, generally 5 to 10 ft, were observed in the basalt part of the artesian system. _// amos Co.
LOCATIONS OF IRRIGATION AND PUBLIC-SUPPLY WELLS
---. .,.,.. .. ~ .... Sodium bicarbonate type water in the artesian aquifer may partly result from thermal waters entering the artesian system. Known thermal water in the area (Young and Mitchell, 1973) is characteristically of a sodium bicarbonate type.
r-·-"-··-"
The dissolved-solids concentrations in the pat- To provide data for management of ground-water resources of Camas Prairie basin, it is suggested that water levels in 15 wells be measured monthly and water-quality samples be collected from 5 wells yearly.
To provide adequate data to insure orderly development and management of groundwater resources of Camas Prairie basin, it is suggested that 15 wells be included in a water-levelobservation network and 5 wells be included in a water-quality network. These networks would monitor waterlevel fluctuations and trends and water-quality changes in the artesian and water-table aq~ifers.
The locations of the suggested monitoring sites are shown on the map (opposite page).
The suggested observation-well network includes nine wells in the artesian aquifer and six wells in the water-table aquifer. Water levels or artesian pressures in these wells should be measured monthly.
30
The suggested waterquality network includes three wells in the watertable aquifer and two wells in the artesian aquifer. Chemical constituents to be analyzed should include the common cations, anions, and nutrients. Samples for analysis should be collected in July or August during the irrigation season.
The major objectives of the monitoring network are to determine (1) the response of the ground-water systems (or aquifers) to stress, (2) the status of ground-water storage, and (3) the quality of the water for use. To accomplish these objectives, periodic measurements in observation wells and collection of water-quality samples from selected wells would be required. Twenty-nine irrigation wells and two municipal wells pumped nearly 9,500 acre-ft of ground water in 1977, compared to 1,350 acre-ft in 1957 (Walton, 1962 Camas Prairie aquifers are recharged by percolation from streams and by precipitation falling on the valley floor.
LOCATIONS OF SUGGESTED MONITORING SITES
Estimated mean annual recharge to the artesian aquifer is 37,000 acre-ft, which agrees favorably with an earlier estimate (Walton, 1962) of 40,000 acre-ft. Vertical recharge from the artesian aquifer to the water-table aquifer is esti-32 mated to be 20,000 acreft annually (Walton, 1962) . Declines in artesian pressure caused by increased irrigation pumping will result in a reduction of vertical recharge from the artesian aquifer to the overlying water-table aquifer.
Flows in Camas Creek in the 1977 drought year averaged 13 ft 3 /s (9,400 acreft), compared to 191 ft 3 /s (138,000 acre-ft) in a normal year.
Ground water occurs under artesian and watertable conditions in both sand and gravel of the valley-fill deposits and basalt of the Bruneau Formation. Yields from the valley-fill aquifer range from 400 to 1,200 gal/min. Wells completed in the basalt aquifer generally have yields in a higher range, with some wells producing more than 2,000 gal/min.
Water in the basin is of the sodium or calcium bicarbonate type with dissolved-solids concentrations ranging from 61 to 284 mg/L. Concentrations of iron, manganese, nitrite plus nitrate (as nitrogen), and fluoride in water from several wells exceeded the upper limits recommended for public 33 drinking-water supplies.
To provide data for management of the groundwater resources of Camas Prairie, it is suggested that water levels in 15 wells be measured monthly, and water-quality samples from 5 wells be collected yearly.
